Abstract. Carbosulfan (CB)-induced oxidative stress leads to the inevitable accumulation of free radicals and eventual alteration of antioxidant enzymes in various biological systems. The present study is designed to investigate the preventive effect of N-acetylcysteine (NAC) on carbosulfaninduced hepatic and renal dysfunction in rats. Rats exposed to CB and NAC were examined for toxicity by assessing various biochemical alteration and stress markers including in liver and kidney. Significant increases of blood alanine aminotransferase (ALT), alkaline phosphatase (ALP), gamma glutamyltransferase (GGT), creatinine and urea were detected in CB-treated rats. In addition, the levels of antioxidative enzymes such as catalase (CAT), superoxide dismutase (SOD) and reduced glutathione (GSH) also were assessed. According to the results, rats exposed to carbosulfan showed a significant increase in the accumulation of stress markers and an alteration in the antioxidative enzymes activity, when compared to their respective controls. Interestingly, administration of NAC to CB-treated rats attenuates the toxicity of this compound, objectified by biochemical and oxidative improvement of liver and kidney. Thus, the present study reports for the first time that NAC could be a promising therapeutic agent against CB-induced oxidative stress.
Carbosulfan-induced oxidative damage following subchronic exposure and the protective effects of N-acetylcysteine in rats Introduction
Anti-cholinesterase agents, also called acetylcholinesterase (AChE) inhibitors, are widely used in agriculture and medical treatment. Anti-cholinesterase pesticides mainly include organophosphates such as malathion as well as carbamates such as carbofuran and carbosulfan. The acute toxicity of these pesticides has been well documented (de Silva et al. 1992; Gupta 1994; Smulders et al. 2003; Raheja and Gill 2007; Lasram et al. 2009 Lasram et al. , 2014a . Liver, which is the main organ responsible for metabolism, is a common target of pesticide toxicity (Celik et al. 2009 ). Subchronic exposures to carbamates pesticides could induce hepato-nephrotoxicity with oxidative stress as the main mechanism (Kamboj et al. 2006; Binukumar et al. 2010) .
In recent years, several reports have suggested that carbamates pesticides cause oxidative stress, characterized by exposure to excessive reactive oxygen species (ROS) (Durak et al. 2009; Eraslan et al. 2009) . It has been shown that oxidative stress, which is known to be involved in the pathogenesis of several diseases, has been described in acute and chronic exposure to carbamates pesticides (Gupta 1994) . The body has developed several defence mechanisms against oxidative damage. These defence mechanisms are composed of enzymatic and non-enzymatic systems (Eraslan et al. 2009 ). The enzymatic mechanism is made of free radical scavengers like catalase (CAT), superoxide dismutase (SOD) and glutathione-S-transferase (GSH) (Khan and Kour 2007; Durak et al. 2009 ).
The non-enzymatic mechanism involves certain endogenous compounds found in the body and certain exogenous compounds taken into the body (vitamins E and C, flavonoids, etc.) (Eraslan et al. 2009; Uzun et al. 2010) . It is reported that carbosulfan enhance the production of ROS, and it alters the enzyme activities associated with antioxidant defence mechanisms in the spleen of male Wistar rats (ElBini Dhouib et al. 2014) .
Antioxidant drugs are becoming increasingly popular in oxidative stress-related disorders and hold promise as therapeutic agents (Borgstrom et al. 1986 ). N-acetylcysteine (NAC) acts as an antioxidant by restoring the pool of intracellular reduced glutathione, which is often depleted as a consequence of increased status of oxidative stress and inflammation (Grinberg et al. 2005) . Furthermore, NAC also has reducing and antioxidant properties, acting as a direct scavenger of ROS (Sadowska et al. 2007 ). Therefore, considering that carbosulfan toxicity is associated with behavioral impairments and that NAC has important antioxidant actions, the aim of this study was to investigate the effects of this compound on liver and kidney function as well as oxidative stress in tissue structures of carbosulfanexposed rats.
Materials and Methods

Animals
Rats (Wistar, 100-150 g of weight and 45 days of age) procured from Tunisian Society of Pharmaceutical Industries, divided into two groups, and housed two per cage in sterile plastic cage. The vivarium was maintained under normal day/night schedule (12 h light/12 h dark cycles) at room temperature 25 ± 1°C. Balanced food and water were given to the animals ad libitum. All the procedures were in accordance with Guidelines for Ethical Conduct in the Care and Use of Animals.
Chemical
Carbosulfan was provided by Tunisian Ministry of Agriculture; before use carbosulfan was dissolved in corn oil for a final concentration 25 mg/ml.
Treatment schedule
A total of 36 animals were randomized into 3 groups of 12 rats each and were treated as below for 30 consecutive days. Carbosulfan or vehicle (corn oil) was administered in the morning (between 09:00 and 10:00 h) to non-fasted rats.
The day of the first exposure to carbosulfan was delineated as experimental day 1.
Control (CTR) group: One milliliter of corn oil at a dose per day was given via oral gavage to rats once a day.
Carbosulfan-treated (CB) group: Carbosulfan was given at the dose of 25 mg/kg of body weight (b.w.) dissolved in total volume of 1 ml of corn oil once a day during 30 days.
Carbosulfan + NAC-treated (CB-NAC) group: Rats received carbosulfan (25 mg/kg of b.w.) once a day and NAC (2 g/l) dissolved in drinking water during 30 days.
The choice of carbosulfan dose was based on previous works of our group (El-Bini Dhouib et al. 2014 ) and corresponds to an acceptable dose that did not cause any sign of toxicity until the end of the experiment period. The used dose of carbosulfan is calculated directly from commercial grade and corresponds to 1/10 LD50 (International Programme on Chemical Safety (IPCS), 1996).
The dose of NAC used in this study (2 g/l) was selected on the basis of previously published reportssuggesting that NAC was not toxic to humans or animals at this dose (Ortolani et al. 2000) . Furthermore, NAC does not show any signs of toxicity at doses even higher than the one administered in the present study (El Midaoui et al. 2008) .
Body weight and blood collection
Body weight changes of male rats were recorded daily during the experimental period (30 days). At the end of this period, blood samples were withdrawn from the animals under ether anaesthesia by puncturing the retro-orbital venous plexus of the animals with a fine sterilized glass capillary. Blood was collected into heparinized tubes and non-heparinized tubes and left for 20 min at room temperature. Then tubes were centrifuged at 3000 × g for 10 min to separate the plasma or the serum. After that, the rats were sacrificed by cervical dislocation. Liver and kidneys of male and female rats were quickly removed and weighted individually. Then, the organ/ body weight ratio was calculated.
Clinical hematological leucocytes
Blood samples were collected into tubes with anticoagulant (EDTA) and immediately analyzed for hematological parameter: the white blood cells (WBC) using an automatic hematological assay analyzer (BC-2800 VET Mindray Auto Hematology Analyzer, Mindray, China).
Plasma biochemical parameters
Heparin was used as an anticoagulant and plasma samples were obtained by centrifugation at 3000 × g for 10 min and stored at −60°C. Stored plasma samples wereanalyzed for total protein (TP) by the Biuret method according to Henry et al. (1978) .
Glucose was measured by the glucose oxidase and peroxidase method using quinoneimine as a chromogen. The amount of plasma glucose is related to the amount of quinoneimine, which is measured spectrophotometrically at 505 nm (Lott and Turner 1975) .
The activities of cellular enzymes such as aminotransferases (AST and ALT); lactate deshydrogenase (LDH); alkaline phosphatase (ALP) and acide phosphatase (ACP) were assessed with commercially available diagnostic kits supplied by Biomaghreb Laboratoires (Tunisia). Enzyme activity was expressed in International Units per liter (U/l).
Albumin (A) concentration was determined by the method of Westgard and Poquette (1972) . Globulin (G) concentration was calculated as the difference between total protein and albumin (Lowry et al. 1951) .
For determination of serum total cholesterol (TC) and triglyceride (TG) concentrations, the corresponding diagnostic kits, set by Biomaghreb Laboratories (Tunisia) were used according to the instructions of the manufacturer.
Urea and creatinine levels were determined by the methods of Fawcett and Scott (1960) , Barham and Trinder (1972) and Bartels et al. (1972) .
Hepatic glycogen dosage
Glycogen content was determined using the technique of Good et al. (1933) . Briefly, 0.5 g of liver was extracted with 3 ml of 30% KOH, incubated for 30 min at 100°C, cooled and brought to acid pH by addition of 20% trichloroacetic acid. Precipitated protein was removed by centrifugation for 10 min at 3000 × g. Glycogen was precipitated by ethanol then weighted. The results are expressed in gram of glycogen per 100 g of liver.
Tissue preparation
Liver and kidneys were immediately removed, weighed and washed using chilled saline solution. Tissues were minced and homogenized (10% w/v), separately, in ice-cold 1.15% in potassium phosphate buffer (pH 7.4) in a Potter-Elvehjem type homogenizer. The homogenate was centrifuged at 10,000 × g for 20 min at 4°C, and the resultant supernatant was used for enzyme assays. Protein concentrations in tissue were determined by the Coomassie reagent using serum bovine albumin as a standard (Bradford 1976) .
Lipid peroxidation and Antioxidant enzymes
Malondialdehyde (MDA), as a marker for lipid peroxidation (LPO), was determined in serum by the double heating method of Begue and Aust (1978) . The principle of the method is based on spectrophotometric measurement of the color produced during the reaction of thiobarbituric acid (TBA) with MDA. For this purpose, 2.5 ml of 100 g/l trichloroacetic acid (TCA) solution was added into 0.5 ml tissus homogenate in a centrifuge tube and placed in a boiling water bath for 15 min. After cooling under tap water, the mixture was centrifuged at 3000 × g for 10 min, and 2 ml of the supernatant was transferred into a test tube containing 1 ml of 6.7 g/l TBA solution and placed again in a boiling water bath for 15 min. The solution was then cooled under tap water and its absorbance was measured spectrophotometrically at 532 nm. The concentration of MDA was calculated by the absorbance coefficient of MDA-TBA complex (1.56 × 10 5 M/cm) and expressed in nmol/ml. Butyrylcholinesterase activity was determined spectrophotometrically by the modified Ellman's method using S-butyrylthiocholine iodide as substrate and 5,5-dithiobis, 2-nitrobenzoate (DTNB) as a chromogen (Ellman et al. 1961) . Enzyme activity was expressed as nmoles of thiocholine-DTNB conjugate formed per minute per mg of protein.
Determination of thiol group's concentration is based on the method of Hu and Dillard (1994) . Cellswere added to 0.25 M base Tris and 20 mM EDTA (ethylene tetra acetic acid) pH 8.2. Then, the mixture was vortexed and its absorbance was determined at 412 nm. The first value was noted A1. After that, 10 mM DTNB were added and incubated for an incubation period of 15 min and a new value A2 was determined. The white tube of DTNB contains only DTNB and buffer; its absorbance value is noted as B. We calculated the concentration of thiol groups (T-SH) per tube by using this equation expression: (A 2 -A 1 -B) × 1.57 mM. Total glutathione (GSH) content in tissue was measured by the method of Tietze (1969) using dithionitrobenzene and expressed as mmol/ml.
The measurement of SOD was based on the principle in which xanthine reacts with xanthine oxidase to generate superoxide radicals which react with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium chloride forming a red formazan dye. The SOD activity was then measured by the degree of inhibition of this reaction at 560 nm (Misra and Fridovich 1972) . SOD activity was expressed in μmol/min/ mg protein. Hydrogen peroxide (H 2 O 2 ) decomposition by CAT enzyme was monitored kinetically at 240 nm. One unit of activity is equal to the micromole of H 2 O 2 degraded per minute per milligram of protein (Aebi 1984) .
Statistical analysis
Data were statistically analyzed using the Student t-test to determine significant differences between different groups; p values less than 0.05 were considered significant. The values were expressed as means ± SD.
Results
Physical observation
Obvious signs and symptoms of toxicity were not observed in the rats with any of the pesticide treatments. Also none of the animals died.
Body weight and mass gain
The changes in the body and organs weight of control and experimental rats during experimental period were given in Table 1 . There was no significant change in the initial body weight between the groups whereas there was a significant decrease in the final body weight and mass gain and a significant increase in liver and kidney weight of carbosulfanadministered rats when compared to CTR rats. NAC-treated rats increase final body weight and mass gain and decrease liver and kidney weight after carbosulfan administration. Values are expressed as mean ± SD (n = 12); * p < 0.05, significantly different from the control group; # p < 0.05, significantly different from the CB group. CTR, control group; CB, carbosulfan-treated group; CB-NAC, NAC and carbosulfan-treated group.
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However, it was important to indicate that death was not observed in any of the experimental groups during the experimental period. Also, no clinical signs of carbosulfan poisoning were observed among treated rats.
Changes in plasma glucose and hepatic glycogen rate
Carbosulfan at dose of 25 mg/kg induced a significant increase in blood glucose (144.04%). The hepatic glycogen level was considerably decreased (22.94%). A significant decrease was glycaemia in CB-NAC group compared with CB group by 42.43%. In addition, hepatic glycogen rate increased in CB-NAC group compared with CB group by 135.09% ( Figure 1 ).
Changes in lipid status
In addition, carbosulfan increased significantly plasma cholesterol and triglycerides content ( Figure 2 ). Interestingly,
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CTR CB CB-NAC NAC affect significantly lipid status. Indeed, supplementation for 30 days of NAC normalized the level of TG while they changed in CB-NAC group compared with CB group as shown in Figure 2 . On the contrary, total cholesterol was not affected by NAC adding.
Liver and kidney dysfunction
The data demonstrating the level of liver and kidneys damage sustained following exposure to carbosulfan were shown in Tables 2, 3 and 4. In order to determine whether the carbosulfan dosing (25 mg/kg) produced toxicity to animals, we measured plasma AST, ALT, LDH, ALP and GGT activities. Table 2 shows that carbosulfan increased the activity of those enzymes ALT, ALP, and GGT in plasma. This evidence suggests that this carbosulfan dose is able to induce some degree of liver toxicity. Also, carbosulfan caused a significant decrease in the albumin level. Longterm NAC treatment, which did not affect plasma ALT and PAL activity, was able to reverse carbosulfan-induced increase in plasma GGT activity. As shown in Table 3 , significant increases in total protein and globulin concentrations were observed in serum of carbosulfan-treated rats and a significant decrease in albumin level, in comparison with the results of control animals. Moreover, supplementation of NAC on CB group reversed total protein and globulin levels to within the normal limits. On the other hand, NAC produced a slight reduction in carbosulfaninduced albumine release, but it was marginally significant (p = 0.075).
Carbosulfan-treatment caused a significant increase in urea concentration in the plasma of male rats (Table 4) . Supplementation of NAC to carbosulfan-treated female rats normalized the levels of urea. The concentration of creatinine was significantly elevated in the carbosulfantreated group compared to the control. Also, there was a significant change in the concentration of creatinine in the NAC plus carbosulfan-treated rats, while the increase was still significantly higher in the carbosulfan-treated male rats (Table 4) . # p < 0.05, significantly different from the CB group. CTR, control group; CB, carbosulfan-treated group; CB-NAC, NAC and carbosulfan-treated group. 
Oxidative stress
The liver and kidney lipid peroxidation level of carbosulfantreated rats vary significantly during 30 days of experiment (Table 5) .The lipid peroxidation level was higher in the liver and the kidney of treated group which had received carbosulfan. The supplementation of NAC in rats brought down the hepatic and real lipid peroxidation to the level comparable to rats of control group. Conversely, as depicted in Table 5 , the levels of GSH and T-SH in rat treated with carbosulfan for 30 days significantly decreased in liver by 26.55 and 24.17% and in kidney by 49.01 and 35%, respectively comparative to the control. A significant carbosulfan-NAC interaction for tissue GSH and T-SH levels was observed. Results demonstrate an increase in GSH and T-SH by 125 and 123.4% in liver. The decrease in renal GSH levels induced by carbosulfan was abolished by NAC administration (145.03%). Carbosulfan treatment caused a significant inhibition in both liver and kidney butyrylcholinesterase (BChE) activity (Table 5 ). NAC affect BChE activity per se neither reverse carbosulfan induced BChE decrease. Moreover, carbosulfan caused a significant increase in the activity of hepatic antioxidant enzymes SOD and CAT, besides renal SOD activity decreased. Supplementation of animals with a NAC (2 g/l in drinking water) for 30 days caused a complete blockade of the carbosulfan-induced decrease in antioxidant enzymes activity in the liver and the kidney.
Change in leukocyte level
Carbosulfan significantly increased the white blood cells (WBC) counts (28.42%) compared to the control group (Figure 3) . Interestingly, NAC administration resulted in a significant reduction in WBC counts (17.51%) as compared to carbosulfan-treated group.
Discussion
It has been previously reported that NAC is able to protect against carbosulfan-induced increases in oxidative markers of rat spleen (El-Bini Dhouib et al. 2014) . In line with these reports, the present study demonstrates the beneficial effect of a subchronic NAC treatment (2 g/l in drinking water) against carbosulfan-induced impairment in the rat liver and kidney antioxidant defenses. In a previous study, we showed that in vivo subchronic treatment with NAC protects the spleen against the carbosulfan-toxicity and recovers from oxidative stress induced by carbosulfan (El-Bini Dhouib et al. 2014) . In the present study, we demonstrated that oral NAC administration leads to a reversion of carbamate effects by preventing carbosulfan-induced decreases in antioxidant defenses and heptorenal damage. Since carbamate intoxication represents an important human health problem (Gupta 1994 ) and one of the major targets for carbamate toxicity is the liver that besides metabolic disorders there are evidences of oxidative stress. Our study constitutes an important contribution regarding a preventive treatment against the carbosulfan-induced impairment in antioxidant defense enzymes.
In toxicological studies, body and organ weights are important criteria for the evaluation of toxicity. In the present study, the final body weight of carbosulfan-treated rats was significantly (p < 0.05) lower than that of the control group. This may be attributed to a decreased food intake (anorexia or food avoidance), poor food palatability or increased degradation of lipids and protein due to treatment-related toxicity (Mansour and Mossa 2010) . Also, weight loss observed in the carbosulfan treatment group may be a result of the combination of oxidative stress and adrenal-mediated stress caused by the inhibition of cholesterol ester hydrolase. Carbosulfan is known to show its toxic effects by inhibiting cholinesterase activity which could be due to the less food consumption and/or fluid and electrolyte loss (Yi et al. 2006; El-Bini Dhouib et al. 2014 ). This data is in consonance with those obtained with organophosphorous pesticides by Ambali et al. (2007) and Al-Othman et al. (2012) . Results showed that there is a significant increase in the relative liver and kidney weight in rats exposed to carbosulfan compared with control rats (Table 1 ). The increase in relative organ weight in rats exposed to carbamates pesticides seems to be due to toxic potential of pesticide, and it is in agreement with Al-Sarat et al. (2011) in rabbits, Institoris et al. (2002) in rats. Curiously, the energy intake was significantly similar in the two groups, CB and CB-NAC (Table 1) , while enhanced food and water intake were only observed in CB group. This observation suggested that dietary factors other than energy intake play important role in body weight regulation. Note that the final body weight and the mass gain was lowest in CB group, and that NAC normalized those parameters in CB-NAC group (Table 1) indicating that one mechanism by which NAC ameliorate the body weight gain was by modified energy expenditure. In the other hand, NAC attenuated the increases in liver and kidney weight changes caused by carbosulfan. N-acetylcysteine is known for its chelation potential and supplementation of NAC during pesticide intoxication reduced the levels of carbosulfan in the liver and the kidney. In consistent with our results, studies of De Flora et al. (1986) reported that NAC lowered the levels of ethyl carbamate in tissues of mice.
In the present study, carbosulfan treatment produced significant increase in plasma glucose levels. This rise in glycaemia was along with reduction in body weight shown in Table 1 . NAC treatment significantly reduced the plasma glucose levels as compared with carbosulfan-treated group. The partial lowering of glucose levels by NAC might be attributable to its effect in preventing hyperglycemia-induced insulin resistance (Haber et al. 2003) ; since NAC has been seen not to increase plasma insulin levels in the diabetic rats (Xia et al. 2007 ). In addition, NAC might lower glucose levels by its antioxidant action as various antioxidants have been shown to partially lower plasma glucose levels (Franzini et al. 2008 ). According to our results, carbosulfan stimulates glycogenolysis pathway. Thus, treated rats show a lower level of liver glycogen. Similar results have been reported in rats after oral administration of diazinon (Teimouri et al. 2006) and acephate (Joshi and Rajini 2009) . Hepatic glucose utilization requires glucokinase activity which plays a crucial role in the homeostasis of glucose and glycogen metabolism (Pilkis and Granner 1992) . Additionally, NAC supplementation affects hepatic glycogen level after carbosulfan exposure.
To the best of our knowledge, this is the first study showing the effects of chronic antioxidant therapy, with NAC on the hepatic glycogen level changes induced by carbamates pesticides.
The carbosulfan dose used in the present study caused a risein plasma ALP and GGT activity. In parallel, it was possible to observe an increase in ALT activity, which was marker of hepatic toxicity. Altogether, these data point to a significant level of systemic toxicity for the carbosulfan dosage used. Regarding ACP and ALP activities in rat blood, it is clear that treatment with carbosulfan significantly decreased ACP activity, while increased ALP as compared to controls. Also, Igwenyi et al. (2014) reported a significant increase in ALP activity, in serum and liver of experimental animals treated with Baygon (pesticide brand). The decrease in ACP may be related either to leakage of the enzyme into extracellular compartments or to tissue damage (Ambali et al. 2007 ). ACP was used as a marker for lysosomal functions in liver cells in order to estimate the interference with catabolic and autophagic processes in the liver. Also, the change in the ACP activity may be related to the biotransformation and elimination of the tested pesticide (Khan 2014) . The significant elevation in the activity of ALP indicated damage to any or all of the organs producing this enzyme such as the liver and kidney is due to leakage of lysosomal enzymes into the cytoplasm and renal necrosis and pyknotic nuclei. This result is paralleled by the result of Ambali et al. (2007) and Rahman et al. (2000) suggested that the alteration in the activities of ALP and ACP in different tissues might be due to the increased permeability of plasma membrane or cellular necrosis, showing the stress condition of the treated animals. In addition, the alteration in these enzymes may be due to liver dysfunction and disturbance in the biosynthesis of these enzymes with change in the permeability of liver membrane takes place. Moreover, carbosulfan is mainly due to the leakage of these enzymes from the liver cytosol into the blood stream. In the other hand, N-acetylcysteine treatment was unable to completely reverse carbosulfan-induced ALT and ALP increase; however, it caused some degree of hepatic protection by recovering plasma ACP and GGT activity, as shown in Table 2 . In this study, the level of total protein and globulin was significantly increased on carbosulfan-treated animals.
Moreover, albumin level decreased in carbosulfan-treated group. Also, several studies have shown that albumin production by liver can be decreased under pesticide exposure (Yousef et al. 2003; Kalender et al. 2010 ). The albumin level may decrease in individuals that liver function disorders after carbosulfan treatment. Albumin most often transports or binds drugs or chemicals . Some insecticides increase the total cholesterol and triglyceride levels . The changes of total protein level is based on function of albumin and globulin proportion, that could vary based on immunocompetence "status" of the animals or other physiopathological condition (Petterino and Argentino-Storino 2006) . Thus, increased serum cholesterol and triglyceride levels can be attributed to the effects of the pesticide on the permeability of liver cell membranes (Yousef et al. 2003) . Also, increase in serum cholesterol and GGT after subchronic carbosulfan exposure directly indicates the hepatorenal injury. The formation of fatty lipid steatosis after carbosulfan administration is mainly due to accumulation of triglycerides. The reason for the altered activities of marker enzymes during the toxicity might be due to the fact that oxidative damage in a cell or tissue occurs when the concentration of reactive oxygen species (O 2 , H 2 O 2 , and OH) exceeds beyond the antioxidant capability of the cell (Demiryilmaz et al. 2012 ). Ksheerasagar and Kaliwal (2010) have also observed similar type of results in rat serum when treated with carbosulfan on liver and kidney of mice. A significant reduction in liver function markers toward respective control values by NAC is an indication of the stabilization of the plasma membranes of the hepatic tissue caused by carbosulfan.
Our results also revealed that NAC ameliorated the kidney damage induced by carbosulfan treatment. The alterations in urea and creatinine concentrations are an indication of kidney damage. Elevated creatinine usually indicates glomerular damage which may be due to increased protein catabolism and the conversion of ammonia to urea as a result of increased synthesis of arginase enzyme involved in urea production (Harper et al. 1979) . Kaur et al. (2012) also observed kidney damage in carbofuran toxicity. Treatment with the NAC reduced the level of above-mentioned markers in serum caused by carbosulfan intoxication in rats. This indicates that NAC tend to prevent kidney damage by maintaining in the integrity of cell membrane, thereby suppress the leakage of enzymes through membranes, exhibiting hepatorenal protective activity.
Functional alteration mechanism in the liver and kidneys can be due to the presence of an inflammatory condition or oxidative stress. In fact, in the present study, carbosulfantreated rats also exhibited significantly increases WBC counts. This increase in WBC may indicate an activation of the animal's defense mechanisms and immune system. It could be related to the liver damage and result from an inflammation caused by carbosulfan hepatotoxicity (Kandil et al. 2006) . These changes and mechanisms also related to increase of ALP, and ALT activities in serum. Because their levels in serum show that cellular degeneration or destruction occurs in liver (Elhalwagy et al. 2008) . Interestingly, NAC treatment caused a significant decrease in total WBC values. Our results corroborate with those of De la Fuento and Hernanz (2012) , they showed that NAC in vitro improves the number and the functions of leucocytes in old mice.
A central mechanism of hepatic injury during carbosulfan exposure is the development of oxidative stress due to generation of reactive oxygen species. In the current study, carbosulfan toxicity was evidenced by determination of liver and kidney function tests, markers of oxidative stress by estimation of LPO level, GSH and T-SH content, SOD and catalase enzymes activities. Free radicals are molecules such as superoxide anion, hydroxyl radical, nitric oxide and lipid radicals. In reactions between free radicals and polyunsaturated fatty acids may result in a fatty acid peroxyl radical (R-COO
• ) that can attack fatty acid side chains and initiate production of other lipid radicals. End products of lipid peroxidation have cytotoxic and mutagenic properties. Cells under oxidative stress display various dysfunctions due to damages caused by reactive oxygen species to lipids, proteins and DNA. Oxidative stress in cells can be partially responsible for the toxic effects of carbamates pesticides. Carbosulfan induces spleen toxicity in part by increasing of free radical production (El-Bini Dhouib et al. 2014) . Lipid peroxidation is known to be one of the molecular mechanisms for cell injury in pesticide poisoning and is associated with a decrease in cellular antioxidants such as superoxide dismutase and catalase (Kaur and Sandhir 2006; Lasram et al. 2014a ). Hepatic catalase activity was found to be increased in this study. This enzyme is responsible for balancing the production of H 2 O 2 and superoxide radicals. As CAT activity increases in the present study due to excessive production hydroxyl ions. The alteration in tissue SOD activity further indicated an increased superoxide radical formation. Enhanced levels of hydroxyl radical also initiate MDA levels to rise in the liver and kidney regions. Similar reports have shown an elevation in the status of LPO in liver and kidney during carbofuran (Kaur and Sandhir 2006) and carbaryl exposure (El-Demerdash et al. 2013 ) and our results are in accordance with these reports.
In the literature, carbosulfan is a direct cholinesterase inhibitor and is converted to its toxic form by cytochrome P450 mediated reactions (Abass et al. 2009 ). We previously demonstrated that spleen BChE was significantly depressed by 25 mg/kg carbosulfan exposure (El-Bini Dhouib et al. 2014) . In the present study, we demonstrated that carbosulfan caused a significant BChE inhibition in the liver and kidney. Many authors reported that carbamate insecticides act by binding to BChE leading to its inhibition. The authors also suggested that the increase in free radical and lipid peroxidation levels can be the result of BChE decreasing activity, since BChE is involved in detoxification mechanism. Our study demonstrated that in the liver and kidney of rat BChE activities were at similar levels. BChE specific activity was inhibited by NAC exposure in a dose-dependent manner. Reason(s) of this mechanism is (are) uncertain and further investigations are needed to explain the inhibitory effect of NAC on BChE specific activity.
In the present study, we have observed that the depletion of the levels of non-enzymic antioxidants such as GSH due to the excessive organ damage and oxidative stress is caused by carbosulfan toxicity. It plays a central role in the antioxidant defense system, metabolism and detoxification of exogenous and endogenous substances (Eraslan et al. 2009 ). Also, GSH with its -SH group functions as a catalyst for disulfide exchange reactions, and contributes in H 2 O 2 detoxification. Thiols, together with non-enzymatic and enzymatic factors, regulate the intracellular metabolism defending biological structures and functions from the noxious attack by ROS (Di Simplicio et al. 1998) . Moreover, depletion of T-SH was also evidenced suggesting that the non-protein sulfhydryl compounds and protein-bound sulfhydryl groups could alter each other through thiol/ disulfide exchange. Carbamate pesticide has high affinity for endogenous thiol molecules as GSH and toxicity of carbosulfan causes irreversible binding with up to two GSH tripeptides (El-Demerdash et al. 2013) . The conjugation of carbosulfan with GSH molecule process is desirable in that it results in the excretion of the toxic metabolite like carbofuran in to bile. In the present investigation, it was observed that carbosulfan intoxication significantly depletes the GSH content in liver and kidney and thus reducing the antioxidant potential and accelerating the lipid peroxidation, resulting hepatorenal damage. The kidneys are the primary target organ for accumulation and toxicity of carbosulfan. In fact, Maroni et al. (2000) found minors metabolites: carbofuran and 3-ceto-carbofuran in the kidney. Treatments with NAC attenuated the carbosulfan -induced oxidative damage. In fact, treatment with NAC restored the increased MDA and reduced GSH levels to the normal values in hepatic and kidney tissue. This could be attributed to the excellent properties of NAC. This property seems to be due to its ability to scavenge free radicals. It is reported that antioxidant may enhance the property of chelating agent as evidenced by our group against other form of carbosulfan which is dangerous as pesticide toxicity. N-acetylcysteine (NAC) acts directly as free radical scavenger and precursor of reduced glutathione and glutathione peroxidase enzyme (Cotgreave 1997 ). The present study demonstrates the therapeutic role of NAC and it may be an ideal therapeutic agent in therapy for use in subchronic carbosulfan toxicity (Figure 4) . N-acetylcysteine has antioxidant role and it reacts most strongly with hydroxyl radical and with hypochloric acid, but reacts poorly with the hydrogen peroxide and superoxide radicals (Arakawa and Ito 2007) . It may also exert an indirect antioxidant effect by facilitating GSH biosynthesis and supplying GSH for GSH-Px-catalyzed reactions (Saricaoglu et al. 2005) . GSH-Px converts hydrogen peroxide to water (Halliwell 2006) . However, liver GSH levels in the current study were increased by NAC administration because of facilitating GSH biosynthesis. Number of researchers suggested that NAC is effective as a chelating agent in reducing the toxicity of pesticide when it administrated on intoxicated animals (Borgstrom et al. 1986; Zimet 1988; Lasram et al. 2014b ).
Conclusions
In conclusion, our results indicate that N-acetylcysteine was able to recover carbosulfan-induced impairment in several antioxidant enzymes, showing to be a potential agent to be used against the pro-oxidative effects of carbamates compounds such as carbosulfan. In addition, the data showed that NAC attenuates the pathogenesis of the liver and kidney cell injury induced by carbosulfan. There is evidence that the stabilization of free radicals play a crucial role in the protective mechanisms of NAC against carbosulfan toxicity. The interactions between carbosulfan and NAC are still obscure although evidences of molecular mechanism and need more in vivo and in vitro investigations since not available in the literature. 
